The aim of the study was to comprehensively examine the efficacy and safety of noninvasive ventilation used at the pulmonary infection control (PIC) window for acute respiratory failure (ARF) in patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD).
Introduction
Patients with acute exacerbations of chronic obstructive pulmonary disease (AECOPD) developing acute respiratory failure (ARF) require invasive mechanical ventilation to assist spontaneous breath and sustain life. [1, 2] Although it is effective, observational studies have indicated that protracted invasive ventilation may pose the risk of complications such as sinusitis, [3] respiratory muscle weakness, and ventilator-associated pneumonia (VAP). [4] VAP has been closely related to increasing mortality and morbidity. [1, 5] To mitigate complications associated with prolonged invasive ventilation, the use of noninvasive ventilation, that is, shifting from invasive support to noninvasive support in patients considered ready to be extubated but not ready for removal of mechanical ventilation, [6] has been investigated to be of benefit in reducing duration of invasive ventilation, incidence of VAP, and mortality rate. [2, 7] Meanwhile, optimizing the timing for using noninvasive ventilation is a key factor in the successful treatment of ARF in AECOPD patients. [8] Premature extubation and immediate application of noninvasive ventilation will cause loss of airway protection, respiratory muscle overload and fatigue, as well as suboptimal gas exchange, [9] while deferred use of noninvasive support may increase the risk of adverse complications. Therefore, an optimal timing must be carefully chosen to achieve the balance between the potential risk associated with early removal of invasive ventilation and delayed application of noninvasive ventilation. The pulmonary infection control (PIC) window, recently identified by Wang et al, [10] may be selected as an appropriate timing for replacing invasive ventilation with noninvasive ventilation. After receiving invasive ventilation and adequate antibiotics for 6 to 7 days, the patient' s pulmonary infection is substantially controlled when the following indices are present: significant decrease in infectious infiltrations demonstrated by lung radiography; noticeable changes of phlegm (less amount, lower tenacity, and lighter or white color); and at least one or more following signs: body temperature <37.5°C, peripheral white blood count (WBC) <10 Â 10 9 /L, or WBC reduced by 2 Â 10 9 /L. [10, 11] This period of time is referred to the PIC window. Previous studies [10, 12] indicated that noninvasive ventilation used at this timing significantly reduced duration of invasive ventilation, VAP, and hospital death for AECOPD patients with ARF. However, recent randomized controlled trials (RCTs) [13] [14] [15] found no significant differences on mortality, weaning failures, or reintubation rates between patients receiving noninvasive ventilation and those continuing invasive ventilation. But a recent meta-analysis [16] found that using noninvasive ventilation at the PIC window was associated with lower mortality, lower VAP incidence, and shorter invasive ventilation time.
The Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach [17] provides an instrument to rate quality of evidence within systematic reviews and guidelines and to generate evidence-based recommendations for clinical practice during guidelines development. [18] This tool is designed to investigate current alternative interventions or management strategies including no treatment or best management in reviews and guidelines. [18] Five methodological factors (risk of bias, inconsistency, indirectness, imprecision, and publication bias) are judged to downgrade or upgrade the quality of evidence. [19] Systematic reviewers and guideline developers use this method to appraise the quality of evidence for each outcome across studies (also called a body of evidence). Ultimately, the quality of a body of evidence is graded into 1 out of 4 levels (high, moderate, low, and very low).
Despite the fact that many publications have explored the effectiveness of noninvasive ventilation used at the PIC window for ARF in AECOPD patients, the conclusions of these trials are inconsistent, and the safety and long-term effect of this intervention still remain uncertain. In addition, the quality of available evidence has not been appraised critically by GRADE approach. The aims of this study were to comprehensively investigate the efficacy and safety of this intervention and to grade quality of present evidence and to determine recommendation for practice using GRADE approach.
Methods
This systematic review was conducted using the Cochrane Collaboration's approach [20] and was reported complied with the Preferred Reporting Items for Systematic Reviews and MetaAnalyses checklist. [21] Ethical approval and patient informed consent were not necessary because all data were obtained from previous studies.
2.1. Criteria for considering studies for this review 2.1.1. Type of studies. Only RCTs, which were published or unpublished in English or Chinese, were identified for this review.
Types of participants.
Participants (age ≥18 years old, male/female) who were diagnosed with AECOPD mainly caused by pulmonary infection and who met the indications for using mechanical ventilation were included in this study. Diagnostic criteria of AECOPD could be any of the following criteria: Standard of Diagnosis and Treatment of Chronic Obstructive Pulmonary Disease (Draft, 1997 edition) [22] ; Guidelines of Diagnosis and Treatment of Chronic Obstructive Pulmonary Disease (Revised 2002 [23] ; 2007 [24] ); and Global Strategy for the Diagnosis, Management, and Prevention of Chronic Obstructive Pulmonary Disease (Revised 2011 [25] ; Updated 2016 [26] ). Patients complicated with pulmonary encephalopathy, pulmonary infarction, allergic rhinitis, bronchial asthma, active tuberculosis, and pneumoconiosis, and those with contraindications to noninvasive ventilation were excluded.
Types of interventions.
The comparison of using noninvasive ventilation at the PIC window following invasive ventilation versus continuous invasive ventilation was included. Any type of noninvasive ventilation, that is, delivered by a nasal/ oronasal cannula, or full face mask providing ventilatory support from a flow generator, was identified. Any ventilator mode was eligible for this review.
Types of outcome measures.
We convened a meeting involving a panel of 12 clinicians from West China hospital with expertise in exacerbations of COPD, breathing dysregulation, pulmonary infection, and ventilation in critical care. These clinical experts were investigated to identify possible outcomes relating to invasive ventilation and noninvasive ventilation. When the outcomes were determined by consensus with formal feedback, they were surveyed to rate clinical importance of each outcome with assigning a value of 1 (lowest importance) to 9 (highest importance). The results were then used to generate a mean score with standard deviation (SD) for each outcome. The importance of each outcome was classified according to the mean score. Three outcome categories were identified based on the clinical importance: critical (mean score of 7-9), important but 95: 24 Medicine not critical (mean score of 4-6), and limited importance (mean score of 1-3). [17] Critical and important outcomes were used to make recommendations and were shown in Table 1 
Search other sources.
We scanned reference lists of each eligible study to find relevant publications fulfilling the inclusion criteria. We also retrieved conference proceedings and dissertation abstracts to identify unpublished studies.
Selection of studies
Retrieved records including titles and abstracts were screened independently by 2 review authors (LP and P-WR) using EndNote 5.0 software after removal of duplications. Studies were selected in accordance with predefined criteria, and full texts of eligible studies were downloaded. Discrepancies were resolved via discussion or in consultation with the lead reviewer (D-YK).
Data extraction and management
Predeveloped forms were used to extract following data from each identified study by 2 independent investigators (LP and X-TL): first author, publication year, sample size in each group, characteristics of participants (including age, sex, severity on entry, and COPD stage), diagnosis criteria of COPD, details of noninvasive and invasive ventilation, measured outcomes, follow-up (where available), the number, and reasons of missing participants. Mean score changes from baseline to a particular endpoint were also abstracted where available. If they were not reported, we extracted mean scores of baseline and endpoint as well as the SDs. [20, 27] Consensus was obtained by discussion or by consulting the lead reviewer (D-YK).
Assessment of risk of bias in included studies
Cochrane Collaboration's Risk of Bias Tool [20] was used to appraise the risk of bias of each eligible study by 2 reviewers (LP and P-WR) independently to judge whether the following 5 domains were adequately met: random sequence generation; allocation concealment; blinding of participants, personnel, and outcome assessors; incomplete outcome data; and selective outcome reporting. Disagreements were arbitrated by discussing with the lead reviewer (D-YK).
Data synthesis and statistical analysis
Quantitative data were aggregated by meta-analyses using Review Manager 5.1. For dichotomous data, pooled effect estimate was calculated using risk ratio (RR) with its 95% confidence interval (CI). For continuous data, overall treatment effect size was calculated using mean difference (MD) with its 95% CI when the same rating scale was used, or using standardized mean difference if rating scales were different. A 2-sided P 0.05 was considered as the threshold for statistical significance. Heterogeneity across study results was assessed using Cochrane's Q statistic with P value. I 2 statistic was used to quantify the degree of heterogeneity. If P < 0.1 or I 2 > 50%, indicating significant heterogeneity was present, [20] a randomeffects model was applied to pool overall effect estimate; otherwise, a fixed-effects model was used. Subgroup analyses were carried out where available to investigate potential influence of clinical characteristics of participants or methodological quality on treatment effect size. Sensitivity analyses were performed where available to explore possible heterogeneity and its impact on the robustness of study results. If the number of included studies was sufficient (n > 10), a funnel plot was generated to detect potential publication bias. [28] 2.7. The GRADE approach Quality of evidence for each specific outcome among the included studies was evaluated by using the GRADE approach. Two authors (X-TL and LP) received training on how to use GRADE pro [29] in the 22nd Cochrane Colloquium (Hyderabad, India, from September 21 to 26, 2014), and separately assessed the quality in the estimate of each outcome. The evidence quality across each outcome is upgraded or downgraded determined by 5 primary domains (risk of bias, inconsistency, indirectness, imprecision, and publication bias) and is eventually categorized into 4 levels (high, moderate, low, and very low). [18] 
Results
The primary search identified 1723 citations using predefined criteria, of which 1719 references were from electronic databases, other 4 references were identified from relevant reference lists, and no references were obtained from conference proceedings or dissertation abstracts. Finally, a total of 17 studies [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] from electronic databases were included in this review. Further details were shown in Figure 1 . Critical for making a decision and included in the evidence profile. † Important for making a decision and included in the evidence profile. ‡ Not important for making a decision and not included in the evidence profile.
Peng et al. Medicine (2016) 95:24 www.medicine.com Table 2 shows the characteristics of 17 identified trials. All eligible studies were carried out in China and were published in Chinese. The mean sample size of these studies was 57 with a range from 25 to 110. All participants were ≥18 years with ARF due to acute exacerbations of COPD. Male approximately accounted for half of the total patients in each study. No dropouts were observed in these studies. AECOPD diagnostic criteria were based on Guidelines of Diagnosis and Treatment of COPD (Revised 2002 (Revised , 2007 (Revised , 2010 and Global Strategy for the Diagnosis, Management, and Prevention of COPD (Revised 2011). The PIC window was selected as timing for replacing invasive ventilation with noninvasive support among these trials. Ventilator modes were various in the included studies.
Characteristics of included studies

Assessment of risk of bias in included studies
Most identified trials were prone to some methodological quality issues. Items regarding randomization sequence generation and allocation concealment were judged "unclear" because of inadequate reporting, which may raise the potential risk of selection bias. Of these, only one study [45] used random number table to produce random sequence, whereas other trials [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] 46] just reported "randomly assigned" but no mention on how sequence produced. Details of allocation being concealed were unclear in all studies. Owing to the nature of invasive ventilation and noninvasive ventilation, it was not possible to blind participants and healthcare providers. Meanwhile, whether other important risk of bias existed could not be assessed because of paucity of data among the included trials.
3.3. Critical outcomes 3.3.1. Mortality. Sixteen studies including 849 patients reported mortality. Mortality was occurred in hospital for all causes among these trials. Compared with invasive ventilation, pooled estimate indicated that noninvasive ventilation reduced mortality significantly (RR = 0.27, 95% CI: 0.17-0.42, P < 0.001) without significant heterogeneity (I 2 = 0%, P = 0.99) (Fig. 2 ).
VAP.
There were 16 trials providing the proportions of participants developing VAP. A significant reduction on the incidence of VAP was observed in groups of noninvasive ventilation (RR = 0.18, 95% CI: 0.12-0.27, P < 0.001) amidst no heterogeneity (I 2 = 0%, P = 0.98) (Fig. 3 ).
Weaning failures.
Six studies reported the proportions of weaning failures in this review. The results of meta-analysis indicated that a significant decrease on weaning failures was observed for patients using noninvasive ventilation (RR = 0.25, 95% CI: 0.14-0.45, P < 0.001) without heterogeneity (I 2 = 0%, P = 0.83) (Fig. 4 ).
Reintubations.
Six trials reporting the proportions of reintubations were pooled by meta-analysis. There was strong evidence that noninvasive ventilation could significantly decrease the proportions of reintubations (RR = 0.46, 95% CI: 0.25-0.85, P = 0.01) with the absence of heterogeneity (I 2 = 0%, P = 0.82) (Fig. 5 ).
3.4. Important outcomes 3.4.1. Duration of invasive ventilation (days). There were 13 trials comparing the duration of invasive ventilation between 2 groups. A significant reduction of the duration of invasive ventilation in patients using noninvasive ventilation was observed (MD = À6.94, 95% CI: À8.62 to À5.26, P < 0.001), but significant heterogeneity was found (I 2 = 97%, P < 0.001) (Fig. 6 ).
Total duration of mechanical ventilation (days).
A random-effects meta-analysis indicated a significant reduction of total duration of mechanical ventilation within the noninvasive group (MD = À3.99, 95% CI: À5.36 to À2.61, P < 0.001), accompanying with high heterogeneity (I 2 = 93%, P < 0.001) (Fig. 7) .
Length of stay in intensive care unit (days).
Ten trials involving 446 participants provided the length of stay (LOS) in intensive care unit (ICU). The summary estimate indicated that noninvasive ventilation significantly shortened ICU stay of 6 days (MD = À6.39, 95% CI: À7.95 to À4.83, P < 0.001) with severe heterogeneity (I 2 = 87%, P < 0.001) (Fig. 8 ). [30] (SIMV + PSV + PEEP) + BiPAP (SIMV + PSV + PEEP) Mortality, duration of invasive ventilation, VAP, weaning failures, LOS in hospital, hospital costs
He and Fu (2008) [31] (SIMV + PSV) or A/C + BiPAP Li (2013) [36] (SIMV + PSV + PEEP) + BiPAP SIMV + PSV + PEEP Mortality, total duration of MV, weaning failures, VAP, LOS in hospital
Ren (2014) [37] (SIMV + PSV + PEEP) + noninvasive ventilation (SIMV + PSV + PEEP) Mortality, duration of invasive ventilation, total duration of MV, VAP, reintubation, LOS in hospital, hospital costs Tang (2013) [38] ( [42] (A/C +SIMV + PSV) + BiPAP (A/C + SIMV + PSV) Mortality, total duration of MV, LOS in ICU, VAP, weaning failures
Yan et al (2011) [43] (SIMV + PSV) + BiPAP SIMV + PSV Mortality, duration of invasive ventilation, total duration of MV, reintubation, VAP, weaning failures
Zhang et al (2013) [44] (A/C + SIMV + PSV) +BiPAP (A/C + SIMV + PSV) Mortality, duration of invasive ventilation, total duration of MV, VAP, LOS in ICU, reintubation
Zhang et al (2010) [45] Invasive mechanical ventilation + NPPV Invasive mechanical ventilation Mortality, duration of invasive ventilation, total duration of MV, VAP, LOS in ICU, LOS in hospital
Zhou et al (2011) [46] (A/C +SIMV + PSV) + BiPAP 
LOS in hospital (days).
Data from 9 studies that reported LOS in hospital were pooled. Compared with invasive ventilation, noninvasive ventilation significantly reduced hospital stay of 6 days (MD = À6.27, 95% CI: À8.50 to À4.05, P < 0.001) with considerable heterogeneity (I 2 = 87%, P < 0.001) (Fig. 9 ).
Hospital costs (1000 US dollars)
There were 6 studies enrolling 276 participants comparing hospital costs between 2 groups. The aggregate data demonstrated a significant reduction on hospital costs of 2000 US dollars (we converted Chinese Yuan into US dollar) in favor of noninvasive group (MD = À1.38, 95% CI: À1.51 to À1.25, P < 0.001) with substantial heterogeneity (I 2 = 95%, P < 0.001) (Fig. 10 ).
Safety evaluation
One study [35] used x 2 test to compare the number of participants occurring complications and the number of participants requiring tracheotomy within 2 groups, respectively; the results indicated no significant differences were found (P < 0.05). However, patients receiving noninvasive ventilation had less complications and requirements of tracheotomy than those receiving invasive ventilation. One study [36] reported 1 patient developed facial skin flushing and 2 patients presented abdominal distension. Two participants appeared gastric distension and 1 participant presented slight facial hyperemia during noninvasive ventilation in one study. [37] Ten patients occurred abdominal distension and 2 patients occurred facial injury during noninvasive ventilation in 2 studies. [42, 46] The rest of 12 trials did not report any adverse events. 
Publication bias
A funnel plot for the outcome VAP via visual inspection presented significant asymmetry, indicating the potential risk of publication bias (Fig. 11 ).
Evidence synthesis by using GRADE
Quality assessment and evidence syntheses by using the GRADE approach were shown in Table 3 . The quality of evidence regarding the 9 critical or important outcomes was downgraded to either moderate or low because of different limitations.
Risk of bias.
Only one study [45] generated random sequence using random number table, whereas other included studies failed to report sufficient information to enable conclusions with respect to whether the randomization sequence generation, allocation concealment, or outcome data were adequate. Insufficient reporting increased the potential selection bias. We therefore rated down the quality of evidence for all outcomes.
Inconsistencies in the results.
Regarding the following 5 outcomes, the duration of invasive ventilation, total duration of mechanical ventilation, LOS in ICU, LOS in hospital, and hospital costs, statistical heterogeneities were noted in the metaanalysis results. We considered the level of inconsistency to be serious and downgraded the evidence quality for these outcomes.
Indirectness of the evidence.
Because the included studies directly compared noninvasive ventilation used at PIC window versus continuous invasive ventilation for patients with ARF and the measured outcomes were important to patients, and no considerable differences were existed in the study population and outcome measures, we determined that the indirectness was not serious.
3.8.4. Imprecision. For the critical outcome reintubations, although the 95% CI excluded a relative risk of 1.0 and did not include appreciable benefit or harm (relative risk < 0.75 or >1.25 as a rough guide), [18] the total number of patients of this meta-analysis (n = 327) failed to meet the optimal information size (OIS) criterion, which was estimated at approximately 398, so we downgraded the quality of evidence for imprecision.
3.8.5. Publication bias. Potential publication bias was detected from the funnel plot of the outcome VAP; we subsequently rated down the evidence quality for this outcome.
Discussion
Summary of main results
Seventeen RCTs involving 959 patients were identified for this review. Meta-analyses indicated using noninvasive ventilation at Table 3 Assessment of quality and summarizing the findings using the GRADE approach. PIC window could significantly reduce mortality, VAP, weaning failures, reintubations, duration of invasive ventilation, total duration of mechanical ventilation, LOS in ICU, and LOS in hospital as well as hospital costs. Meanwhile, less adverse events were observed for patients receiving noninvasive ventilation than those receiving continuous invasive ventilation. Prolonged invasive ventilation is positively related to VAP, [47] and persistent weaning failure may occur as a consequence [48] and mortality probably increases subsequently. [49, 50] Noninvasive ventilation is applied by an nasal or oronasal cannula, or full facial mask. It does not need an artificial airway, and provides partial ventilatory support for patients who have obtained the ability to continue spontaneous breathing but still require ventilator support. [6] In this study, we found that timely extubation and immediate use of noninvasive ventilation significantly reduced the duration of invasive ventilation of 6 days. Consequently, both the incidence of VAP and mortality were reduced, higher successful weaning rates were also observed. In the meantime, the total duration of mechanical ventilation was decreased by 6 days. The reuse of a tracheal tube may exacerbate the existing damage to the tracheal mucosa. [51] Because noninvasive ventilation does not require tracheal intubation, the cough reflex is hence preserved, and it has been applied in patients with respiratory failure, effectively improving oxygenation and ventilation and reducing reintubation rates. [52] This study also proved that patients using noninvasive ventilation occurred less reintubations than those receiving invasive ventilation. Important benefits from noninvasive ventilation included the reductions of VAP and length of ICU or hospital stay, which closely associated with medical costs. [53] There was strong evidence to indicate that noninvasive ventilation was costeffective. The greatest cost benefit, a reduction of 2000 US (2.34 to 1.93 lower) * Only 1 study used random number table to generate random sequence, whereas the 15 remaining trials just reported "randomly assigned" but no mention was made of sequence. Details on how allocation was concealed were unclear in these studies. †The 95% CI excluded a relative risk of 1.0 and the sample size (n = 849) met the optimal information size (OIS) criteria, which was calculated approximately 374. ‡The funnel plot of 16 trials did not present a significant asymmetric trend. §The 95% CI excluded a relative risk of 1.0 and the sample size (n = 799) met the optimal information size (OIS) criteria, which was calculated approximately 84. ¶Six trials just reported "randomly assigned" but no mention was made of sequence. Details on how allocation was concealed were not described in these studies. ||The 95% CI excluded a relative risk of 1.0, the sample size (n = 261) met the optimal information size (OIS) criteria, which was calculated approximately 84. #It was not possible to check publication bias because of the limited number of trials for this outcome. * * The 95% CI excluded a relative risk of 1.0, whereas the sample size (n = 327) failed to meet the optimal information size (OIS) criteria, which was calculated approximately 398. † †Only 1 study used random number table to generate random sequence, whereas the 12 remaining trials just reported "randomly assigned" but no mention was made of sequence. Details on how allocation was concealed were unclear in these studies. ‡ ‡Inconsistencies were found among the 13 studies in the pooled results with a significantly large I 2 (I 2 = 97%, P < 0.00001). § §Inconsistencies were found among the 13 studies in the pooled results with a significantly large I 2 (I 2 = 93%, P < 0.00001). ||||Only 1 study used random number table to generate random sequence, whereas the 9 remaining trials just reported "randomly assigned" but no mention was made of sequence. Details on how allocation was concealed were unclear in these studies.
Length of stay in ICU(days)
¶ ¶Inconsistencies were found among the 10 studies in the meta-results with a significantly large I 2 (I 2 = 87%, P < 0.00001). ##Only 1 study used random number table to generate random sequence, whereas the 8 remaining trials just reported "randomly assigned" but no mention was made of sequence. Details on how allocation was concealed unclear in these studies. * * * Inconsistencies were found among the 9 studies in the meta-results with a significantly large I 2 (I 2 = 94%, P < 0.00001). † † †Six trials just reported "randomly assigned" but no mention was made of sequence. Details on how allocation was concealed were unclear in these studies. ‡ ‡ ‡Inconsistencies were found among the 6 studies in the pooled results with a significantly large I 2 (I 2 = 95%, P < 0.00001).
Peng et al. Medicine (2016) 95:24 Medicine
dollars, mainly owed to the reduction of VAP and avoidance of an ICU or hospital admission. All trials included in this review selected PIC window as switch point. Pulmonary infection is the main cause of acute exacerbations of COPD in China. The appearance of PIC window demonstrates pulmonary infection is significantly controlled. Hence, airway secretion drainage is not a main issue and patients probably do not require tracheal tube. [11] Timely removal of endotracheal tube and application of noninvasive ventilation at this period of time might not only continue supplying ventilator support and alleviate respiratory muscle fatigue, [11] but also avoid associated infection and reduce the duration of invasive ventilation. [12] We found beneficial effects of using noninvasive ventilation at this timing on each assessed outcome in this review.
Meanwhile, what needs to be highlighted is to accurately judge the presence of PIC window and to immediately change invasive support to noninvasive ventilation. Clinicians should clearly understand the criteria for "window" [10] and carefully observe the clinical characteristics of patients and monitor the indicators of PIC window. [53] Once missed the "window," VAP might occur later, patients' condition would relapse, and the duration of invasive ventilation would be prolonged, resulting in ventilator dependence and consequent weaning failure. [12] In addition, successful use of noninvasive ventilation in patients largely depends on clinician's experience. [2] A number of published studies showed that noninvasive ventilation performed by highly motivated and experienced caring teams often worked more effectively for ARF, [53] whereas less experienced use of noninvasive ventilation often led to higher reintubation rates. [54, 55] It should therefore be applied by well-trained and highly skilled medical staff to avoid intolerance and other common adverse effects.
Quality of evidence
We used GRADE approach to rate the quality of evidence on the 9 prespecified outcomes in this review. The reporting quality was generally poor. Consequently, unclear randomization and allocation concealment may lead to a potential possibility of selection bias. The quality of evidence was influenced by considerable heterogeneity in the outcomes of duration of invasive ventilation, total duration of mechanical ventilation, LOS in ICU, LOS in hospital, and hospital costs. Substantial heterogeneity may arise from the changing conditions of patients and the blood gas analysis during ventilation, which were indirectly reflected by the different ventilator modes, as 5 studies [30, 32, 35, 36, 40] used (SIMV + PSV + PEEP), 3 studies [40, 42, 44] used (A/C +SIMV + PSV), 2 studies [33, 43] used (SIMV + PSV). Such inconsistencies relating to patients' clinical characteristics during the treatment were the reasons for downgrading one level of the evidence. Regarding imprecision, in addition to the CIs and the lines of no effect and appreciable benefit or harm, another criterion, the OIS, is also a determinant to guarantee adequate precision. The OIS is referred to the number of participants estimated by a sample size calculation for a single adequately powered trial. [56] If the total number of participants of a metaanalysis is lower than the OIS criterion, the quality of evidence should be downgraded because of imprecision. [57] In this study, although the 95% CIs of the outcome of reintubations excluded a relative risk of 1.0 and the appreciable harm, [57] the total number of participants (n = 327) of the meta-analysis did not exceed the OIS (n = 398); it was therefore more likely to support the decision to downgrade the evidence quality due to impression. Because no substantial differences existed between the patients' baseline characteristics or the outcomes measured in the included studies, we considered the indirectness was not serious. Potential publication bias was detected regarding the outcome VAP through visual inspection. So, the quality of evidence on this outcome was rated down. Overall, the quality of evidence with respect to the 9 critical or important outcomes was graded from moderate to low, and the uncertainty of long-term effects was more likely to warrant a weak recommendation of noninvasive ventilation used at PIC window for ARF in AECOPD patients.
Potential biases in the review process
We only included RCTs to ensure that studies were of potentially high quality in this review. However, possible selection bias may be introduced by excluding other relevant studies (quasi-RCTs or observational studies). Selection bias also may occur in the methodological designs of included studies due to inadequate reporting, although the review processes were appraised rigorously by 2 experienced and independent authors. Liu et al [58] noticed Asian people, including Chinese, were prone to publish high proportions of positive findings, given all of the 17 trials did not report negative results and the funnel plot detected the presence of significant asymmetry; this study is susceptible to publication bias.
Overall completeness and applicability of evidence
Within this review, we developed explicit eligibility criteria using PICOS (Participants, Intervention, Comparison, Outcome, Study design) format. We carried out extensive and rigorous literature searches to identify relevant studies. We assessed risk of bias in duplicate. We also aggregated overall effect sizes of the 9 critical or important outcomes. To the best of our knowledge, this review first applied GRADE approach to appraise the quality of evidence and to generate recommendation regarding the use of noninvasive intervention at PIC window for ARF in AECOPD patients. In addition, this review can offer the potential opportunity to readers who are unable to get access to and read the original articles published in Chinese. It could also be a helpful addition to the publications and may provide a sound basis for future clinical researches on the issue of noninvasive ventilation and PIC window.
Nevertheless, several limitations should be specially addressed before acceptance of the findings. We noted that no study used a power calculation to estimate the optimal sample size or gave comments on their sample size. One study [37] included only 25 participants; we doubted whether the small sample size was enough to achieve an adequate statistical power to detect the differences between noninvasive ventilation group and invasive ventilation group. In addition, our included trials were conducted in China. This is mainly because approximately 80% to 90% of COPD patients are caused by pulmonary infection in China, [10] and the PIC window was identified by Chinese researchers, Wang et al. Timely extubation at this period of time might be more precisely judged and then using noninvasive ventilation may improve treatment efficacy. However, whether it is still effective or could be applied to patients outside of China still needs to be further investigated.
Agreements and disagreements with other studies or reviews
One Cochrane review [6] evaluated studies that compared the effect and safety of the immediate use of noninvasive ventilation with that of continuous invasive ventilation in ARF patients. The authors included patients with ARF for any cause (COPD, non-COPD, postoperative, nonoperative) and selected any timing of using noninvasive ventilation (a 2-hour spontaneous breathing trial failure, a 30-minute T-piece trial failure, PIC window). They found noninvasive ventilation significantly reduced mortality, weaning failures, VAP, LOS in ICU, and so forth. However, they did not separately investigate the impact of noninvasive ventilation using at PIC window for ARF due to COPD. Our review specifically addressed COPD participants and PIC window, and found beneficial effects of this intervention. A prior meta-analysis [16] explored the effectiveness of noninvasive ventilation used at PIC window for ARF in COPD patients. The authors only retrieved 2 databases (PubMed and CNKI, from 2000 to 2012) and included 3 outcomes (mortality, VAP, and invasive ventilation time). Compared with it, our review searched 7 electronic databases and gray literature databases as well as references lists; we identified 9 critical or important outcomes and used GRADE to assess the quality of evidence regarding these outcomes. Because we searched relevant databases from the inception through October 2015, our review may be considered the up-to-date evidence on this issue and be more comprehensive and robust to draw the conclusion.
Conclusions
Implications for practice
Current evidence syntheses from 17 identified trials suggested that noninvasive ventilation used at PIC window significantly reduced mortality, VAP, weaning failures, reintubations, duration of invasive ventilation, total duration of mechanical ventilation, LOS in ICU, and LOS in hospital as well as hospital costs. Given the absence of high quality of available evidence, additional well-designed and adequately powered RCTs are required before the recommendation for clinical practice. If consideration is taken to adopt PIC window for extubation, we suggest it be performed prior by well-trained and highly experienced treatment providers. Meanwhile, they should immediately choose appropriate type of oronasal cannula or total face mask. [7] 
Implications for research
Considering that all identified studies were carried out in China, further rigorously designed and large-scale RCTs outside of China are warranted to improve the generalizability and applicability of this study results. Future study should report all harm data and withdrawals due to adverse effects. We recommend future study to investigate the long-term effect of noninvasive ventilation on quality of life. Future trials should also be reported according to Consolidated Standards of Reporting Trials Statement [59] to improve the quality of reporting.
